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I, My EEA g s K IR A FHRCR A N R 202 AR R . HoRINR . IEN
KMFENER, FHHEE TILRNRZHAERCRY; iy AT Tobit R H 4 T 4
DKL Pl s R BEIR BTG | A B IR A AU R 0 7 45 R 32 Hp [ K ORI 32
Was BAESERE T SCHRVA , YOMMIXRIAT L 225 . AR IR | A R IR K2
KGR 2R PR s INA S S AT YA _E 42 K BT IR AR (AR 1)
S, JFEEME T iR Tolfe . FEAL. AL BCAL” X b UK IRS R
AIER BN W R SCHERBEA TR AT LU IR, WK 5 R] FH AR R S R 3R 5, T
ReEft A0 F B I 5E B A AT 15 5% i A R K P R AR, SR ARt Ui A ARk
EME, MiiAE A 5358, HRKGHEMHRCRIT TR D% et 2 ias, XATE
AN psg o g G, DI 2oRAt 22 R 18 Een A SR IR A RIS A
R, DAWSIATE . AR PR & R

BT, ARSCAERTAWTTEBEERE L, R kb o R AR BV o S 8™ A A B1K BT
IR R R b MR B 223005, PSS B CABIEICR, XK SRR AR 1 4K Eh
RTINS, SR AR . tha & br . BB, BHLIURINZRIL 1916888, Xk
PR ORCR R IRSIH LA TIR ST, I st XK B IRk GACRAR LIS R

2

2.1 #BEE SBMRE!

M TAZ G W B P 6025 /0 At (Data Envelopment Analysis, DEA) ", Tone"#2 iH
) SBM (Slacks-Based Measure) FBUANAE [& T AR BIEE 7 Hh X A= p= sk R A s2 e, it EL3i
TR BA T I AR S AS T A PR KA, THER T A st A 1 6 FE (A i s e, ffizk
VA AT FE A A SEBR, R {E L S R

KB DEA SR Z —FIXT P i DEA A 30 55 A 3 sk ot (DMU) 47—
SN, HRBUEE TN DMU N Z25 45 thHERR DI R A A5 I RCR(E T g
T 1M, AR SBM R I ZE A 3% DEA BIRUFT SBM ALY (5 5, AN AT DABEAA 2 ik
PRAEHAEE =, 1 H T AR R R s it — 25 AR He ™, AR S 0 Sk
2.2 FEEXMES A E

B/ 4R A A Moran's THE %L, 56 P 7K 98 IR 2% L R50F 2 75 HA 25 AR
P, SRR, B REAS (] H A G ) Moran's 148 50 #T v [ 7K B IR 45 (4,808 19 25 8]
S . AR SR I rook 23 (A AL A
2.3 IR NN [E S

H AL RIS (GWR) J&— s 6] 48 ZE a1 0B TR, AN [A] 3838 2 14 [l
JHEAY (OLS), GWRALALHE b F 25 [ B A5 BN A RN BIH AR, 7T DARIESEA A
Bifi 3t A ) AR AR S LR R R 2 B S R AR R, 7EHbHL A4 i Ag 2] T Tz 6
FHE, LTI, AR SCR H BN AS (] U455 780 Sfe 48 2R 4% b IX 7K B Y 6t (8 3003 114 3K 3 [
R, XA N R p A S A (B 3 A A Jm it A T AT o
2.4 IEtREER S EHERIRE &AL E
2.4.1 MEKFRZEHRAIEIRER

TRGE PG 2 A 38R B e A SR AR BE UK 3 . 57 3 S A A F o, HHEE ™ FR bRk B
GDP Fflitt &k g 5™, o, S EERIA D Wiife. B, AA . BIFs A
TS AR R, AR SR A ROK R, TR UL SRR [27-28] .
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242 KFRFBHUEMWAERIESR LK FTEM BRI N R EZmEZ 0, A0k
IKGEEF RN R AN 526, 2 alE ARNER . itz HENE . 7B
TR AP J) o 2T H AT BURN USRS BERE T 0 B AR, B ) £
S A AR FR S MUBLEL 7 19 8BS BE SR AR B, PR AR SCORE LA A B R85 AR [
o SR RISIYRY 19 B R X K SR AR CRCR RSB T 0B (R 1)

F1 KT RFEAERNTEERRHEE

Tab. 1 The variables affecting the green efficiency of water resources

EENISE S KGRI IR G A (m?)
(%Kt (mm)
HEgFHE 25K ¥ GDP(IT)
FEAb 2R =l F (%)
SRS IMET )
Tk K FURELL L Tl Al 32805 5 A 2R (%)
Al %z S K- A A T B i (kg/hm?)
NP5y JISYNEICIN!
UN=E 0 T ZHE TR ()
FHAKZ5HE Tl 7K HEE (%)
Al 7K L (%)
S AT R S HEALHE (1270)
A HE Rt PO 1 A S0 HL R (km/km?)
WHEHE V5 YR COD HEU (T t)
V57K AbHR IR V5 KA B (%)
A TE YA PR L TR 73 (%)
BHEHE b AR T3 NE IR
Bl BHE TS HI(ILoT)
BHERA R&D £ PR ¥ MAi (14 00)

2.4.3 BIRERBERAE ACEHORET (TESIHEE (2001—20174F) ) = (hERF
BRAEY (2001—20174F) ) B (fEKBRIRAR (2000—20164F) ) CUAT G S+
FGITIRNC ) B, ARG . |, 5HIX ., KEE ., WAL &Sk R
EREARhR AL T S I SCHR (331

3

3.1 FEMEXMES T

o DK R SR SR B ROK AR, X 22 g, HEwEEs (%2)., T
A3ATTH 45 b DX K9 DR 0 3508 (18 245 TR A DG M AN s o] S v, AR SCEF Geoda 51FF
&, FHAR AT, KR IRSE R Moran's THEEUR) IEZSSH T ZE# 1%
W EPEAKCE B FAE 1.65 5540 T, 115 20004F . 2005 4, 2010 471 2016 4F i [E] 7K B il
RO ROR 4 Ry Moran's 74848, 45 oR, 4B BOK R IR 4% (0 80F 42 J5) Moran's 1454847
FJE0.2193, 0.1575, 0.1265F10.2180, & HH v [E] 45l DX /K W8 U5 G (0 350K A7 AE HH {2 119 25 [
HAHSE, RIS Hb X8 7K G I A (0503 23 37 B AR 418 IX 38K B Y & (0 8503 K ST 18 T ) 520 o

T 42 )R F A ¢ Moran's 798 80 g 28 B B — ELAR I X (1) 23 [ JE R AR TIE , AR SCES &
Moran {5 & F1 358 Moran's 74658, 221 2000 4F . 2005 4F . 2010 4FH12016 4F 11 [ 4% 4y
XK FERERARCR LISAERE (B11), FIOK IR ORCR R TAAE iR ER
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®2 HEKRFBRFEHUERVESER

Tab. 2 China's water resources green efficiency measurement results

X 2000 2002 2004 2006 2008 2010 2012 2014 2016
Jea 1.007 0.916 0.883 1.006 0.884 1.031 1.023 0.964 1.043
Kt 1.035 1.003 1.003 1.004 0.986 0.940 0.955 0.895 1.016
ik 0.194 0.192 0.185 0.186 0.187 0.182 0.175 0.177 0.182
i) 0.497 0.513 0.506 0.511 0.421 0.387 0.345 0.311 0.298
e 1.015 0.848 0.464 0.421 0.372 0.363 0.336 0.307 0.309
SIS 0.669 0.644 0.532 0.512 0.446 0.366 0.378 0.346 0.337
AR 0.732 0.541 0.475 0.466 0.382 0.343 0.331 0.312 0.312
CSY AR 0.375 0.391 0.392 0.397 0.393 0.348 0.347 0.333 0317
ity 0.718 0.701 0.794 0.860 0.953 0.969 1.010 0.883 1.125
bW 0.254 0.266 0.266 0.288 0.278 0.251 0.251 0.261 0.288
Wit 0.460 0.494 0.460 0.435 0.402 0.414 0.388 0.379 0.417
LY 0.241 0.263 0.257 0.249 0.260 0.271 0.234 0.208 0.210
Figc 0.383 0.429 0.422 0.479 0.470 0.400 0.374 0.370 0.350
bl 0.362 0.325 0.291 0.277 0.262 0.260 0.257 0.248 0.254
IiZR 0.371 0.248 0.182 0.197 0.201 0.179 0.167 0.170 0.178
M 0.145 0.150 0.144 0.142 0.132 0.127 0.120 0.121 0.115
bioiE ] 0.274 0.275 0.272 0.278 0.275 0.261 0.239 0.234 0.244
biiNE] 0.332 0.267 0.227 0.226 0.236 0.207 0.184 0.184 0.194
%R 0.338 0.376 0.553 0.817 0.947 1.010 0.573 0.297 0.242
I 0.298 0.324 0.304 0.285 0.267 0.251 0.221 0.226 0.230
faAEd] 0.991 0.970 0.903 0.893 0.920 0.883 0.666 0.595 0.586
HK 1.009 0.548 0.434 0.464 0.447 0.456 0.447 0.449 0.452
)i 0.665 0.689 0.454 0.572 0.282 0.264 0.290 0.230 0.210
gl 0.319 0.293 0.272 0.275 0.282 0.293 0.289 0.280 0.267
P 0.253 0.254 0.254 0.244 0.222 0.226 0.210 0.196 0.194
[ 1.057 1.003 0.852 0.731 0.680 0.801 0.814 0.862 0.802
[ pg 0.377 0.368 0.333 0.324 0.321 0.318 0.305 0.290 0.286
Hir 1.005 0.579 0.452 0.432 0.404 0.355 0.347 0.331 0.315
HifF 1.024 0.834 0.745 0.703 0.679 0.764 0.926 1.010 1.006
TH 1.049 1.011 1.003 0.670 0.639 0.652 0.601 0.807 1.008
B 0.403 0.375 0.350 0.323 0.320 0.323 0310 0.280 0.255
i 0.576 0.519 0.473 0.473 0.450 0.448 0.423 0.405 0.421

AbF2SEEASE (R—mER AR LI AN EAE 20004, 20054F-, 2010
AEFI 2016 4543 A 224>, 204, 21 F1184 ([&11), B iy 26 B /K IR 43 £ 350 %
A AR R AL — R R 255 R, (IR—m R X B A i, RIMA LT
B B—CER LI EEG A Bt AT 4 FHAERERINT UL, H—mERE
F AU 32 B0 A A8 b B O AR JE AP R IX, H IR SR K, Ja PN 3=
BUMARAE R ARV AU X, FLER A B NI (IR—IRAR R HBIX Y 2000 4F-F1 2005 4 3=
BMGAEA TR A MK, 7E 2010 451 2016 4 X Bt A7 P, HAEZs[alds 7 AT 1)
ALY B I—mER M XA I B A i BT, (HES R A A R AE Ak
AR, BEECRSEATTE P E AT RHIX ; m— R ERHIXAE 2000 450 FifF, &
PRANEE R 3N HBIX, 2005 4F 40 TR 61, ZJEEEA T FREIFBTRERES . Sk
KF, B ERAMM—RERM X EE R0, FERL, K—mERME %
RHbIX 2 LB, Bk,
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Fig. 1 The LISA of green efficiency of water resources in different regions of China

3.2 FEKEBREENETBESHNEMEZSH

321 FSEEAEEGEER  HEESZME R P EDKE RGOSR 2R (CF)
R, e TR/ TR (OLS) X i [E K B PR AR (A eR A T — et 1 44, 38
i RIS e A T 2K (VIF) S AN AR R (=7 57 Y3 (e M4 h i
BT, A VIFEE R 5.96, (KT 10, KB RIHMREATR, 45 R LE3,

FHZR3I AT, 7E10% & VR W HACEAMT, A 124X ih E K BT JREg (A%

FAEEL R REL A RN A, HE B i R B /MKYOE Tl K e Al
HKECE 5=l b . BN FREETS YR v i oy A o b . BB BT
Ap Ay EZ =S AN SYRAL A E . A GDP. PR ARSI R . AR
Uit BHETRECH R COD HEa &, Hi A GDP, 2 ==\, A fRAg
HRABHE T NACHUR E M IE, Ha 84 i E AR R B T mfEH .
3.2.2 GWRAEBNTEER EUKEIRER O RCR 023 (8] /34 BAT B35 1023 [R]E A O fn2s
[ S, LG R OLS AR Zs T 45 1] s B B X6 7K B R 4k CRCR AGS2 ,  Tid FH GWR
ST T] LU 50 DR vh 4 TR 47 5 | Je g R A R % e 22 ) ) S 3 A S R R, A
SCHERAS A IR T 4357 AR AV S b A A, DA 2 55 S pRESCA AU PR R, DL ATC TR0
ET L, 18 H GWRAIAEMATIRIATHE., 45k, K5, E20R,

411, 20004F ., 20054F . 2010 A1 2016 - RS IERTAL AL E (JHEERY) 4
20701, 0.777. 0.779 #10.810, i Tie/h 3kl &0 0.650, GWRAEALS}
REMERE 2000 4F . 20054F, 20104FF12016 - AE 1Y 70.1% . 77.7% . 77.9%F181%, R
GWR ALY L & 25 B0 T OLS B, HAFRRARCR IS, R S 2 v, sem R %=
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#®3 RINTFREEBGITER
Tab. 3 Estimated results of the OLS model

[H7E EIEEYS brifE2E A M
it 2.3349™ 0.4301 5.43 0.000
NFPKgE I -0.0169” 0.0110 -1.54 0.025
Rk bt -0.0135 0.0165 -0.82 0.415
A GDP 0.1536™" 0.0266 5.78 0.000
8=l b E 0.4806™" 0.1499 321 0.001
AL B Tl Al 3 = i R SR -0.4073" 0.1125 -3.62 0.000
AP R b -0.2489™ 0.0547 -4.55 0.000
BAH -0.4681"" 0.0592 -7.90 0.000
FHZBE TR -0.0159 0.0137 -1.16 0.245
T K TR -0.5865"" 0.1248 -4.70 0.000
AV K e -0.5372™ 0.1054 -5.10 0.000
PAA RN AT LR 0.0671° 0.0372 1.80 0.072
COD HEjilt i -0.0007" 0.0004 -1.90 0.058
IR VG KA R -0.5114 0.0490 -10.43 0.109
V5 YIE R o T U A 4y L -0.4572" 0.2428 -1.88 0.060
T NLFHZAEL -0.0115 0.0023 -0.05 0.960
BHE TS H 0.0047" 0.0037 1.25 0.011
R&D 43 7% A 0.0069 0.0056 1.22 0.222
W R 0.650

W 7L TAMNFRTE10%. 5%, 1%KFETRE.

x4 PEKFEFEREGWREELER

Tab. 4 GWR model results of green efficiency of water resources in China

FARIZHL 2000 4F 2005 4F 20104F 20164F
Bandwidth 396939.049 410258.124 396070.654 125358.383
Residual Squares 0.878045 0.412876 0.548912 0.457864
Effective Number 27.723 27.708 27.904 31
Sigma{H 0.168297 0.115406 0.133067 0.121531
AICTH 31.738798 8.347751 17.176235 11.553877
R 0.817 0.860 0.861303 0.935754
VAR 0.701 0.777 0.779 0.810

Il H R A AR R R, AR e R ECH IEA 1, T DUE RS IRNE ik
5 B 1A R BN BB BRI -2 K, NI 55 T35 03 Jm il R ACRRAE , U B /K B R
SRS N R Z MRS RBOCR, 1M T4 1 X 0 5 b & R AE AR
S R R LB S ) S (R ANRR G M, IR ISR A AR AR

3.2.3 KABRFEEPIRRHEZSH EHERIIRRIGIR ER, EARRES, A¥KE
PR R B E A, R A KR IR TR RS G RCR IR T, X
SNSRI SR S RARST ; A& TR E T, AYIGDP. =Ml
T RN AL T RS 3 FLRE X /K R UR AR (ORI T I IR s, HARER BN = A
T 1%, KGRSO RAN B 0.15% . 0.48%F10.07%, Pl Z5 sk & e 3 S4E
s LA An, TAOL K EER . TR R TRl & J kS Xof v [l K 9
35 0 LR VE AR 8 3 . B0 W, [ TRl K B EE 43 0] ik 22.89% Fl
63.08%, &P EFE S K BFEKIRZ AT, BAMFITRI, a7 E Tk KL
RN KSR EBAL, B RUhe B 2280k, Rl Tl A r= v m e A= i
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Tab. 5 Calculated results of the GWR model in 2000 and 2016

AR i e/ ME N LB FR AL LI Ve SSON( FHE
NS el -0.468/-15.232 -0.027/-0.134  0.060/-0.061 0.261/0.230 1.425/0.812  0.129/-0.450
A GDP -3.449/-2.091 -0.356/-0.283 —0.159/0.060  0.094/0.206 1.480/5.017 —0.137/1.554
9=l e —22.896/-10.798 —4.874/-0.941 —1.748/0.000  1.171/1.528  8.942/5.098 —-2.554/4.725
Tk FE =S AREER -8.227/-36.330 —2.570/-2.054 —0.443/0.000 -0.006/1.280  5.596/28.083 -0.874/3.175
a7/ R VATV 2 ey -5.125/-6.914 —0.741/-0.374 -0.186/0.375  0.061/1.567  2.174/20.411 -0.348/-0.757
J=YNE| ~7.417/-6.151 -2.917/-0.868 —1.109/-0.589 —0.330/0.000  1.553/32.017 -1.701/3.831
T K -19.377/-36.937 —1.971/-2.680 —-0.527/-0.322  0.903/0.000 2.678/4.978 —-1.633/12.798
AV K e -10.932/-29.492 -2.223/-2.203 -0.738/0.000  2.531/0.764  5.940/19.401 —-0.658/5.029
B R FR S B -3.171/-6.629 -1.096/-0.230 0.260/0.164  2.438/0.347 5.237/1.705  0.571/-1.329
COD HEC i i -0.015/-0.503 —0.001/-0.009 0.005/-0.001 0.016/0.005  0.049/0.030  0.008/-0.030
V5 Y IE BB E Ay L -7.938/-8.398  0.592/-0.630 1.814/0.279  2.981/3.498 44.268/50.999  3.440/1.147
Bl b 2 i -0.029/-1.852  —0.004/-0.073 0.006/0.027  0.011/0.075  0.044/0.001  0.005/0.089
e 7 ATEEE A 2000 4EEE AR, ¢ R A R 2016 AR GEIT AR
25¢ .
= ABKEHEE - A#¥JGDP
20} = E —o- Tl Ak FE = A R
—— 4T B TR s E A0
15F
” ToVFKHE Rk FK LT
% o} e TR - CODHR Bt
E o
% - G YRR H 4 - RBHE T AR
Jixs| 5t
=
BR
&
0_
-5

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
45

K2 KRR (R R D 2R 1 2R R flfa 3

Fig. 2 The change trend of regression coefficients of influencing factors of green efticiency of water resources in China

FCEER, ARGERAR L HE BT AR TR KBTI, AN & 20k [ A A SR KPR T
PEIT AR E S, X JE P R GRS CRAR T A9 25N N B R — B A
hEE SR EZNR, mADY KRG A K G IR S A, i 1K
TRER EORCRIPE ;. AR, CODHEMUE R AT Juif BB W& 0 o, R Y
PREG IR 08 s BHE IR o A BHE T S 8 e 3 0 Ik, HABPIISE br AN
F, XRUIBHEO KR IRER CRBCR AN ATE TRHEOER MR AR Z D (S B
HEA HIHSEW) , MAETRHOICRIEAL, AR RHOSCRA RO At A™, B
AL A 01, BHERNERA R /K IR SR (AR IR T FLIESK S /)

TG [ A4 AL REAU R BRSO E— AR FE A% IR R XK B IR Sk (5%
FELMA R 25 (A2 AL, A SOR GWR BRI TR 45 R A5 B GIS - B AT nl bRk, M
1713 5 B UL K TR SR (AR A RN DA R A T2 () S A, 2R ANTE 3L 4 B



53] IIA R A T GWRAES B v [ K BE IR 2 (s R R S L HE 1029

(1) ASRRERIK GRS ORCR IR . A SR PER AoK SR ST K 5 PR 4R A R0R
MR, R 3aml g, FFFERI (20004F) A SA7K B [0l 2 H0E (ELIX 32 2 7E
AAb . AL FIPY R, AR A PG AR R s Y e, AR K IR R X
HmE R E I, RWABPKGHRESZE, B TR SRS ORI BE5E
A (Kl4a), AFPRBHER KGR % ORGSR AT T s, Heas ) oAk Ry g
AR, FEEX 251 TE 400 mm FEFEREL (WIMZ) DITTHIX . KRFEEARZE
DR EAS TR, AR (S 7Y S kK et DX S A K B SR T TR K BRI R L
IKEE G MK, KRR R 2, DTS K B U5 B X 7 3 b X K B PR (80 A 2
HEVER, XA b DX R LV o

(2) FEZTFHNEREIKFHRER ORI . SRS, P50 A GDP
XF 7K GEIR SR (O RCR BN AR BE R BN B YL 10 AR rg i 3 a5 (&1 3b), IR RIS
a \HKHERER

b. A#GDP c. B HE

EPZES [BVEES :
m -3 i —22.896~-16.139 .
0. & —16.138~-9.141 - il
=
Lt | St ra
e | m 7 Fike
G = ~ wta * wes
d. FELL B Tkl 27 5 A3 £ BAD
—g FEIHRE
e BB || EniE :
| S S |l
0 480 km E =Ea 0 480 km Tkl 0 480 km el
g DL AKILE h. R K L E i. B AR AT AR
[EDEES > . 3
=-19.377--9.295 . . .
=-9294~—2513 - 7 o o
-2.512~0.098 i T e
it # # i
=t 0 480k [ " orin * nn
j. CODHER B
BIEES d
«| mm-8.398~5.338 :
' -5 337~05.941 o
4. L3k X .
m0011290999 0 480km | mods a0 :
“ wns| CITCECE — “wean| CIRECE “ s |

T 2T N MR SR b iz P I 55 I il T 48 141450 GS(2016)1599 5 (BRI [T il £, G I TR A&
[E13 2000 45 H I K B IR AR (8034 520 PR 2R [0 2R 8 i 1A 23 18] oA

Fig. 3 Spatial distribution of regression coefficients of water resources green efficiency in 2000
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JEUEEY: 3
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Fig. 4 Spatial distribution of regression coefficients of water resources green efficiency in 2016
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Analysis of driving mechanism based on a GWR model of
green efficiency of water resources in China

SUN Caizhi', MA Qifei*’, ZHAO Liangshi'

(1. Marine Economic and Sustainable Development Research Center of Liaoning Normal University, Dalian
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Abstract: Water shortage, which can greatly affect both natural systems and social
development, has drawn extensive attention from governing authorities around the world, and
become an urgent issue to be addressed. How to improve the green efficiency of water
resources and alleviate the present situation of water shortage is the content of this study. In the
concept of "people-oriented" green development, the evaluation system of green efficiency is
constructed, which includes four aspects: nature, social economy, environment, science and
technology. This paper, based on the panel data of 31 provincial- level regions of China
obtained from 2000 to 2016, aims to calculate the green efficiency of water resources by
applying the Super- efficiency SBM model, to analyze its spatial correlation pattern, and to
explore the driving mechanism of green efficiency of water resources by making use of the
geographical weighted regression (GWR) model. The results show that there was ignificant
positive spatial correlation and uneven spatial distribution of the green efficiency of water
resources in China. Compared with the OLS model (the regression coefficient obtained by the
model just represents the average characteristics of the overall green efficiency of water
resources), the GWR model proves that there were spatial differences in the influence of
various factors on the green efficiency of water resources. Generally speaking, industrial
structure, industrial and agricultural development level, transportation infrastructure
construction, environmental protection investment and science and technology conversion rate
had a positive effect on the green efficiency of water resources, while the factors, including per
capita water resources, population size and pollutant emissions, had a restraining influence.
Social factors and environmental factors had a particularly obvious effect on the green
efficiency of water resources. In addition, due to the large potential of the technology market
turnover, the regions should step up efforts to increase investment of scientific research and
focus on the transformation of scientific research results so as to make technology a new
growth pole of green efficiency of water resources. In terms of spatial differences, water
endowment and population size had significant impact on the green efficiency of water
resources in the western region, and industrial structure, water utilization structure and
transportation infrastructure posed a positive effect in the eastern region. This study is of great
practical significance to solve water shortage and to formulate relevant policies suitable for the
development of all regions.

Keywords: SE-SBM model; GWR model; green efficiency of water resources; driving mechanism



